Early brain development
Longitudinal regression analysis of spatial-temporal growth patterns of geometrical 
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Although diffusion tensor imaging (DTI) has provided substantial insights into early brain development, most 28 DTI studies based on fractional anisotropy (FA) and mean diffusivity (MD) may not capitalize on the 29 information derived from the three principal diffusivities (e.g. eigenvalues). In this study, we explored the 30 spatial and temporal evolution of white matter structures during early brain development using two 31 geometrical diffusion measures, namely, linear (Cl) and planar (Cp) diffusion anisotropies, from 71 32 longitudinal datasets acquired from 29 healthy, full-term pediatric subjects. The growth trajectories were 33 estimated with generalized estimating equations (GEE) using linear fitting with logarithm of age (days). The 34 presence of the white matter structures in Cl and Cp was observed in neonates, suggesting that both the 35 cylindrical and fanning or crossing structures in various white matter regions may already have been formed 36 at birth. Moreover, we found that both Cl and Cp evolved in a temporally nonlinear and spatially inhomogeneous 37 manner. The growth velocities of Cl in central white matter were significantly higher when compared to 38 peripheral, or more laterally located, white matter: central growth velocity Cl= 0.0465± 0.0273/log(days), 39 versus peripheral growth velocity Cl= 0.0198± 0.0127/log(days), p b 10
. In contrast, the growth velocities of 40 Cp in central white matter were significantly lower than that in peripheral white matter: central growth velocity 41 Cp = 0.0014± 0.0058/log(days), versus peripheral growth velocity Cp= 0.0289± 0.0101/log(days), p b 10
. 42 Depending on the underlying white matter site which is analyzed, our findings suggest that ongoing physiologic 43 and microstructural changes in the developing brain may exert different effects on the temporal evolution of 44 these two geometrical diffusion measures. Thus, future studies utilizing DTI with correlative histological analysis 45 in the study of early brain development are warranted. (Schneider et al., 2004) . Later, in subjects 5 to 30 years of age, the non-121 linear developmental pattern was detected in a tractography based 122 developmental study (Lebel et al., 2008) . In a more recent study by 
with eddy current compensation was used to acquire DTI images. 
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We also assumed that y i,j , which is a particular DTI parameter acquired 243 at age t i,j (such as FA of the i-th subject at a time point j of a voxel), 244 followed a polynomial model of order m as
246 247
The estimation of → β is the solution to GEE (Eq. (2)) as given in 248 Eq. (3).
where better than all these polynomial models. The gender (blue for male and red for female) and age (x-axis in years) distributions for the pediatric 29 subjects included the study with x-axis representing the age of one subject at image acquisition and y-axis indicating an arbitrary subject index. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
318
ROI shown in Fig. 6 . All these ROIs were constrained within white 319 matter regions using a white matter mask (Fig. 6) . In Genu, a total of 320 9 ⁎ 3 ROIs were obtained for their mean and standard deviations. 
Results
324
In this section, we will first demonstrate the mean Cl and Cp
325
images from different age groups, followed by the growth velocity As apparent in Fig. 5 the corpus callosum and PLIC (Fig. 5) . It appeared that most of the 394 prominent growths in Cl and Cp were not spatially concomitant.
395
Growth trajectories from selected white matter regions
396
In the ROIs as given in Fig. 6 , the growth trajectories in FA and MD VCl (Fig. 7) .
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Compared to central regions, the differences between VCl and VCp
423
were more complex in the three peripheral ROIs and they all had 424 significant increases in Cp (Fig. 8) . For FC, Cl remained consistently low ). In order to account for multiple comparisons between VCl and VCp among the above six ROIs, FDR was controled with a threshold and VCp remained signficant after FDR correction.
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We also compared the growth velocities between central and 
We compared the growth velocities of Cl and Cp among several 
may contribute to this central-peripheral difference is that the ratio 565 between the axon diameter and the thickness of myelin sheath tends to follow a constant g-ratio between 0.6 and 0. axonal space during early brain development (Beaulieu, 2002) .
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Another limitation is that, like previous works, the imaging protocol not be optimal. To the best of our knowledge, the optimal DTI protocol 607 for pediatric imaging remains to be determined. 
